Regioselective Scoparone O-Demethylation, Cytochrome P-450 Isozymes, Differentiation
Introduction
T he regioselective O -dem ethylation of 6,7-dim ethoxycoum arin (scoparone) to 6-hydroxy-7-m ethoxycoum arin (isoscopoletin) and 7-hydroxy-6-m ethoxycoum arin (scopoletin) has been rep o rted to vary significantly w ith the state of induction of the cytochrom e P-450 d ep e n d en t m onooxygenase sys tem in rat liver m icrosom es [1 ] and in living mice [2 ] .
In this study we used purified rat liver P-450 iso zym es to show th a t the rep o rted alteration of the scopoletin:isoscopoletin ratio and the increase in the scoparone O -dem ethylation activity [1] are due to a change in the P-450 isozym e p attern , m ediated by an induction of the p h enobarbital-o r polycyclic hydrocarbon-inducible P-450 isozymes.
Materials and Methods

M aterials
7-H ydroxy-6-m ethoxycoum arin (scopoletin) and 6-hydroxy-7-m ethoxycoum arin (isoscopoletin) w ere purchased from C. R oth (K arlsruhe, G erm any). 6,7-D im ethoxycoum arin (scoparone), [7- O -m ethyl-Abbreviations: P-450, liver microsomal cytochrome P-450; naming of individual P-450 isozymes is adapted from Guengerich et al. [4] : PB, phenobarbital; ßNF. ß-naphtho flavone (5,6-benzoflavone); ISF, isosafrole; 3-MC, 3-methylcholanthrene.
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Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0341 -0382/85/0009 -0682 $01.30/0 scribed previously [3] . A ll m aterials used for the p urificatio n p ro ced u re o f the P-450 isozymes and the N A D P H -cy to ch ro m e-P -4 5 0 red u ctase used in this study are described by G uengerich et al. [4] .
P urification o f en zym es
L iver P-450pb.b (a p p a re n t m onom eric M r = 50,000), P-450pb_d (Mt = 50,000), and N A D P H -cytoch ro m e P-450 red u ctase (M r = 74,000) w ere purified to elec tro p h o re tic h o m ogeneity from p h enobarbitaltre a te d m ale S prague-D aw ley rats using p rocedures d escrib ed by G u en g erich et al. [4] . T he same referen ce describes the purification of the P-450ßNF.B (M r = 54,000) and th e P-450pnf/ISF-g (Mt = 51,000) from ß -n ap h th o fla v o n e-treated rats.
G eneral assays
P ro tein co n cen tratio n w ere estim ated using the gen eral m eth o d o f Low ry et al. [5] . T he cytochrom e P-450 co n ten t was assayed according to O m u ra and S ato [6 ] . T he N A D P H -cy to ch ro m e P-450 reductase activity was d eterm in e d according to Y asukochi and M asters [7] , T he reco n stitu tio n of the P-450 m o n o oxygenase system s consisting of one of the four P-450 isozym es (P-450pb_b, P-450pb_d , P-450pNF.B and P-450ßNF/ISF-G) w ith th e N A D P H -cy to ch ro m e P-450 red u ctase was p erfo rm ed as described by M üller-E n o ch et al. [8 ] : T he fo rm atio n of th e catalytically active P -450:N A D PH -P-450 red u ctase com plexes of each of th e fo u r P-450 isozym es w ere m ade by p rein cu bating th e P-450 isozym es and the reductase at co n c en tra tio n s of 6 and 1 2 |^m, respectively, in small test tubes in final volum es of 50 iaI of 0.1 m Tris-H C l b u ffer (pH 7.6) including 20% glycerol for 1 h at 23 °C. Following these preincubations, aliquots of th ese preform ed P-450: N A D P H -P -450 reductase com plexes w ere added to test tubes containing su b stra te and N A D P H to start the reactions.
T h e ratios of the scoparone O -dem ethylation p ro d u cts scopoletin: isoscopoletin w ere estim ated w ith aliquots ( 1 0 0 n0 of the p reform ed com plexes. T h e assay m edia (total volum e of 300 ill of 0.1 m T ris-H C l buffer (pH 7.6) including 20% glycerol) co n tain ed 0 . 1 nm ol of the tw o radio isom ers of [6 -0 -m e th y l-I4 C]-and [7 -0 -m e th y l-14C ]-scoparone ( 1 . 1 2 • 1 0 4 dpm ), 3 nmol M gC l2, and 0.4 nm ol N A D P H . T he reaction was sta rted by adding the p refo rm ed com plexes and perfo rm ed at 35 °C for 10 m in. T he analysis and the ratios of the radioactive dem eth y lation products scopoletin to isoscopoletin w ere perform ed as previously described [1 ] ,
T h e scoparona O -dem ethylation activities of the p refo rm ed com plexes of N A D P H -P -450 reductase an d the various P-450 isozymes w ere estim ated ac co rd in g to M üller-E noch et al. [1] using the co n tin u ous fluorim etric assay. In all cases the initial rate 
Results and Discussion
P refo rm ed com plexes of various purified P-450 isozym es with N A D PH -P-450 redu ctase are re p o rte d by M üller-E noch et al. [8 ] to have m axim um P-450 su p p o rted m onooxygenase activities in the absence o f phospholipids, w hen the P -450:N A D PH -P-450 re d u ctase com plex was prepared by p reincubation of th e enzym es at 23 °C for 60 min at a m olar ratio of P-450 to reductase of 1:2, respectively, with a P-450 co n cen tratio n g rea ter than 5 nM-A liquots of these preform ed com plexes w ere utilized to estim ate the ratio of the scoparone Odem eth y lation products scopoletin : isoscopoletin for vario u s purified P-450 isozymes. T he results, p res en ted in T able I, show that the ratio differs signifi cantly w ith the cytochrom e P-450 isozymes. T h a t of th e tw o phenobarbital-inducible form s P-450PB.B and Table I . Ratios of the scoparone O-demethylation products scopoletin : isoscopoletin obtained with reconstituted com plexes of NADPH-P-450 reductase and various P-450 isozymes in a 2:1 molar ratio with a 1:1 mixture of [7- T he sco p aro n e O -d em eth y latio n activities given in T able II w ere calculated as the sum of th e scoparone-7-O -d em eth y latio n (scopoletin fo rm atio n ), m eas Table II . Scoparone O-demethylation activities of preformed complexes of NADPH-P-450 reductase and various P-450 isozymes at a molar ratio of 2:1, respectively, at a concentration of P-450 greater than 5 (xm. The scoparone O-demethyla tion activities were calculated as the sum of the scoparone 7-O-demethylation, measured direct fluorimetrically as de scribed [1] , and the scoparone 6 -O-demethylation, using the scopoletin : isoscopoletin ratios given in Table I u red direct fluorim etrically as described [1 ] , and the scoparone 6 -O -dem ethylation (isoscopoletin fo rm a tion) using the scopoletin : isoscopoletin ratios given in T able I. C om parisons of the scoparone O -dem ethylatio n activities (Table II) am ong the purified P-450 iso zym es show th at the P-450pb.b and P-450pNF/1SF.G have th e highest dem eth y latio n rates. This reflects the o b served [1] several-fold increase of the scoparone-Od em eth y latio n activities m ed iated by p h en o b arb ital o r by polycyclic arom atic hydrocarbons as a tru e e n zym e in d u ctio n , accom panied by a significant shift of the ratio of th e scoparone O -dem ethylation products scopoletin to isoscopoletin.
